Introduction {#S0001}
============

As a result of an aging population, frailty is a new challenge in public health.[@CIT0001] Frailty can be defined as the loss of an individual's ability to adapt to stress due to the decrease in or dysfunction of their physiological reserves. This state of physical vulnerability is associated with disability, and an increase in the number of falls, hospitalizations, and death.[@CIT0002]--[@CIT0004] Frailty can result from physiological processes such as aging, or can be associated with chronic diseases such as chronic obstructive pulmonary disease (COPD).[@CIT0004]--[@CIT0008] In fact, the prevalence of frailty among COPD patients worldwide is estimated to be between 6% and 82%.[@CIT0009]--[@CIT0015]

Frailty is a dynamic condition. Frail COPD patients are more likely to be unable to complete rehabilitation programs, and mortality amongst these patients is 80% higher than for non-frail patients.[@CIT0012],[@CIT0013] A study that followed up COPD patients from the National Emphysema Treatment Trial (NETT) for 24 months compared participants with two or fewer frailty parameters to those with three or more frailty parameters. The incidence rate of frailty was 6.4 per 100 person-years. Analysis revealed that frailty was associated with a higher rate and longer-duration hospitalization, and with poor quality of life.[@CIT0010] In Brazil, the prevalence of frailty and the predictive variables associated with frailty among COPD subjects are unknown. The aim of this study was to measure the prevalence of frailty among COPD patients in Goiania city (Brazil) and to evaluate the association between predictive variables and the presence of frailty.

Methods {#S0002}
=======

Design {#S0002-S2001}
------

This was an observational cross-sectional study.

Setting {#S0002-S2002}
-------

The study was conducted at the Juarez Barbosa State Center for High-Cost Medicines (CEMAC), a public center responsible for providing free medicines for COPD treatment for Brazilians without socioeconomic distinction, located in Goiania city, Brazil. Data were collected from January 18^th^, 2018 to December 14^th^, 2018.

Subject Selection {#S0002-S2003}
-----------------

All patients who reported a COPD diagnosis when visiting CEMAC to obtain free monthly COPD medicines were considered eligible. Individuals of ≥40 years of age who had a forced expiratory volume in the first second/forced vital capacity (FEV~1~/FVC) ratio of \<0.7 post-bronchodilator documented on a pulmonary function test were enrolled. Written informed consent was obtained from all participants. Subjects were excluded if they did not complete interviews, questionnaires, or tests.

Data Collection and Diagnostic Procedures {#S0002-S2004}
-----------------------------------------

Data were collected by one physician (ACGF) and one physical therapist (LSD) specifically trained for this purpose using a study-specific data collection instrument. The data collection instrument was pre-tested, validated, and modified during a study conducted from December 1^st^, 2017 to December 15^th^, 2017 in eight COPD patients. These subjects were not included in the study. Variables assessed by the data collection instrument included sociodemographic data, tobacco smoking, level of dyspnea, clinical impact of symptoms, medicines prescribed for COPD treatment, and total number of exacerbations in the last 12 months.

Frailty was evaluated through the Fatigue, Resistance, Ambulation, Illnesses, and Loss of weight (FRAIL) scale, a questionnaire with five self-report items for which the possible answers are "yes" or "no", with an attribution of 1 or 0 points, respectively. The individuals were classified as non-frail (0 points), pre-frail (1 or 2 points), and frail (3 or more points).[@CIT0016],[@CIT0017] FRAIL ScaleFatigueHow much time during the previous 4 weeks did you feel tired? (all of the time, most of the time = 1 points)ResistanceDo you have any difficulty walking up 10 steps alone without resting and without aids? (Yes = 1 point)AmbulationDo you have any difficulty walking several hundred years alone with without aids? (Yes = 1 point)IllnessHow many illnesses do you have out of a list of 11 total? (5 or more = 1 point)Loss of weightHave you had weight loss of 5% or more? (Yes = 1 point)(The illnesses include hypertension, diabetes, cancer (other than a minor skin cancer), chronic lung disease, heart attack, congestive heart failure, angina, asthma, arthritis, stroke, and kidney disease).

Comorbidities were evaluated using the Charlson Comorbidity Index (CCI).[@CIT0018] The patient's score is calculated as the sum of the weights of all presented comorbidities that are components of the index, and from 50 years on, an additional weight is added to each decade of life.[@CIT0018] Dyspnea was assessed using the Medical Research Council (MRC) dyspnea scale, a scale consisting of five gradations of dyspnea, where each item corresponds to how much the dyspnea limits activities involved in daily life.[@CIT0019] The COPD Assessment Test (CAT) was applied to evaluate the impact of COPD on quality of life.[@CIT0020] This test consists of eight items: cough, phlegm, chest tightness, shortness of breath, activity limitations at home, confidence in leaving home, sleep, and energy. Each item is given a score from 0 to 5. By summing the score of each item, patients can be classified according to the clinical impact of the disease: mild (6 to 10 points), moderate (11 to 20 points), severe (21 to 30 points), and very severe (31 to 40 points).[@CIT0020],[@CIT0021]

The diagnosis of COPD was confirmed by the presence of respiratory symptoms associated with a history of exposure to tobacco or biomass, and a documented pulmonary function test with an FEV~1~/FVC ratio of \<0.7 post-bronchodilator.[@CIT0022] The severity of the condition was assessed by considering the patient's health status according to CAT, and the number of exacerbations and the need for hospitalization in the last 12 months, as previously described in the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines.[@CIT0022]

To minimize compliance bias (as the level of fragility would increase among individuals who were not on regular treatment because of low financial condition) we selected a public center providing free medication. Measurement bias was approached by using a pre-tested and validated study-specific data collection instrument applied by the same research team (ACGF and LSD), and to minimize random bias, we use consecutive recruitment.

Statistical Analysis {#S0002-S2005}
--------------------

"Non-frail", "pre-frail", and "frail" were considered as outcome variables. The following predictive variables were assessed: symptoms according to CAT score, sociodemographic data, body mass index (BMI), comorbidities (CCI), risk factors (smoking), number of exacerbations, and disease severity.

To verify that predictive variables were associated with outcomes, two approaches were taken. In the first, a linear regression analysis was performed. Spearman correlation (r) was calculated to analyze the strength of associations. Then, a multiple linear regression model was created, including gender as well as variables with a p-value\<0.20. In the second approach, COPD patients were classified into three categories: non-frail, pre-frail, and frail. Variables were compared using Pearson's chi-square test or Fisher's exact test, when applicable. The Kruskal--Wallis test with a post-hoc comparison (Dunn's test) was used to compare the medians of quantitative variables. Then, variables with a p value\<0.20 and gender were included in ordinal regression models. In these models, the dependent variable was the frailty level, stratified into three categories (non-frail\[1\], pre-frail \[2\], and frail \[3\]). The magnitudes of the associations were presented as regression coefficients (β) and adjusted odds ratios (ORaj) with confidence intervals (CI) of 95%. As GOLD categories were derived from CAT, two ordinal regression models were adjusted including the variables separately. The ordinal regression models were evaluated and validated to confirm the proportional odds assumption using a likelihood-ratio test and a Brant test. As MRC and CAT were predictors of frailty, we created a new variable that could express both parameters simultaneously. As the CAT can assume values up to 8 times the MRC, so that the CAT does not conceal MRC value, a new variable (CAT/MRC) was created by dividing the CAT by 8, followed by the sum of MRC: (CAT/8) + MRC. Then, we coded frailty in a binary outcome (\[0\] non-frail and pre-frail;\[1\] frail) to create a multivariate logistic regression model to assess the association between the presence of frailty and new independent variable CAT/MRC, while controlling for sex, FEV1 and inhaled medications. The cutoff value of the CAT/MRC as a frailty predictor was calculated by use of a receiver operating characteristic (ROC) curve. A p value of \<0.05 was considered statistically significant. Data were analyzed using STATA software, version 15.0 (StataCorp, Texas, USA).

Sample Size {#S0002-S2006}
-----------

The sample size calculation was performed by estimating the proportion of the population with specified absolute precision (n = z21-α/2P(1-P)/d2). At a confidence level of 95%, with an absolute accuracy of ± 4% in the study proportion measure, and considering the prevalence of frailty in COPD patients as 6.6%, a sample of 148 subjects was estimated.[@CIT0011]

Ethical Aspects {#S0002-S2007}
---------------

All participants gave written informed consent in accordance with the principles of Good Clinical Practice and the Declaration of Helsinki and the study was approved by the Institutional Review Board (IRB) of the Federal University of Goias under the following number: 2,403,289. CAAE 79462917.9.0000.5078. Approval was granted on November 28^th^, 2017.

Results {#S0003}
=======

A total of 203 individuals visited CEMAC to obtain medicines for COPD treatment during the study period.22% (45/203) were not COPD patients, but were individuals authorized to withdraw medicines on behalf of COPD patients. 2.4% (5/203) of subjects refused to participate in the study. [Table 1](#T0001){ref-type="table"} shows the characteristics of the 153 COPD patients enrolled in this study and their frailty state.Table 1Characteristics of 153 COPD Patients Classified by Their Frailty StateVariablesNon-Frail (n = 22)Pre-frail (n = 54)Frail (n = 77)p valueAge (years)69.5 (60.5--80.5)70.0 (65.0--73.0)67.0 (61.0--71.5)0.09Age ≥ 60 years17 (77.3)48 (88.9)62 (80.5)0.31Male12 (54.5)33 (61.1)39 (50.6)0.50Female10 (45.5)21 (38.9)38 (49.4)Income (minimum wage)1.5 (1.0--4.0)1.3 (1.0--2.0)1.0 (1.0--2.0)0.33Education (years of study)6.5 (4.0--12.3)5.0 (2.0--8.0)5.0 (2.0--7.5)^a^0.04BMI (kg/m^2^)24.7 (22.1--26.9)25.0 (22.0--27.3)23.7 (22.0--28.8)0.90CCI3.5 (2.8--4.3)4.0 (3.0--4.0)3.0 (3.0--4.5)0.35ICS17 (77.3)42 (77.8)52 (67.5)0.36Prescribed LABA20 (90.9)50 (92.6)67 (87.0)0.38Prescribed LAMA13 (59.1)39 (72.2)57 (74.0)0.39One BD4 (18.2)8 (14.8)16 (20.8)One BD + IC7 (31.8)11 (20.4)14 (18.2)0.61LABA + LAMA or Triple therapy11 (50.0)35 (64.8)47 (61.0)Exacerbations (quantity/year)1.0 (1.0--2.0)1.0 (1.0--2.0)1.0 (1.0--2.0)0.96Exacerbations (n)\< 215 (68.1)38 (70.4)51 (66.2)0.88Exacerbations (n) \> 27 (31.8)16 (29.6)26 (33.8)Smoking2 (9.1)6 (11.3)10 (13.0)1.0Hospitalization2 (9.1)8 (14.8)17 (22.1)0.35FEV~1~ (liters)1.4 (1.1--1.8)1.3 (0.9--1.7)1.2 (0.8--1.6)0.11FEV~1~ (%)61.5 (48.1--70.1)52.2 (39.8--61.4)44.0 (33.4--61.0)^b^0.01FEV~1~/FVC0.6 (0.5--0.6)0.5 (0.5--0.6)0.5 (0.4--0.6)0.24MRC2.0 (1.0--2.0)2.5 (2.0--3.0)4.0 (2.0--4.0)^c^\<0.001MRC0-110 (45.5)9 (16.7)6 (7.8)\<0.001MRC\> 212 (54.5)45 (83.3)71 (92.2)CAT5.0 (2.0--8.3)13.0 (7.8--19.0)20.0 (13.5--26.0)^d^\<0.001CAT \< 1018 (81.8)18 (33.3)12 (15.6)\<.001CAT \> 104 (18.2)36 (66.7)65 (84.4)GOLD severity scale A11 (50.0)11 (20.4)11 (14.3)GOLD severity scale B5 (22.7)24 (44.4)39 (50.6)0.001GOLD severity scale C4 (18.2)7 (13.0)2 (2.6)GOLD severity scale D2 (9.1)12 (22.2)25 (32.5)[^1]

The prevalence of frailty in the sample was 50.3% (77/153), while 35.3% (54/153) of patients were pre-frail and 14.4% (22/153) were non-frail. The education level and FEV~1~ (%) were significantly lower and the MRC and CAT scores were significantly higher in the frail group.

[Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"} show the correlations between frailty score and CAT score (correlation coefficient: 0.52, p \<0.001) and between frailty score and MRC score (correlation coefficient: 0.48, p \<0.001)Figure 1Correlation between FRAIL scale and COPD Assessment Test (CAT) scores in patients with COPD.Figure 2Correlation between FRAIL scale and Medical Research Council (MRC) Dyspnea Scale scores in patients with COPD.

The regression model presented in [Table 2](#T0002){ref-type="table"} shows that the odds of frailty increased with increasing MRC score (Model 1: ORaj = 1.94; p \<0.0001; Model 2: ORaj = 1.55; p=0.01). Considering model 1, for every one unit increase in the MRC score the odds of being pre-frail or frail, versus non-frail is multiplied 1.94 times (increases 94%), holding constant all other variables. For model 2, the increase is 1.55 times or 55%. Because of the proportional odds assumption of ordinal regression, there is a reduction of 1.94 times or 1.55 times, in the odds of being frail versus the combined categories of pre-frail and non-frail when MRC reduces one unit.GOLD B (ORaj = 2.46; p = 0.04) and D (ORaj = 3.41; p = 0.02) COPD patients had an increased chance of frailty compared to GOLD A patients. For COPD patients GOLD B the odds of being frail is 2.46 times (or 146% more) that of who were not GOLD B, holding constant all other variables. The same interpretation applies to GOLD D (3, 41 times or 241%). Also, it was found that the chance of frailty was directly related to an increase in CAT score (ORaj = 1.15; p \<0.0001), that is, for every one unit increase in the CAT score the odds of being pre-frail or frail, versus non-frail is multiplied 1.15 times (increases 15%), holding constant all other variables ([Table 2](#T0002){ref-type="table"}). Adjusting for sex, FEV1 and inhaled medications, multiple logistic regression analysis revealed that CAT/MRC was an independent predictor of frailty (ORaj = 1.86; p \<0.0001) ([Table 2](#T0002){ref-type="table"}). The area under the ROC curve of CAT/MRC combination was 0.79 (95% CI 0.72--0.86) ([Figure 3](#F0003){ref-type="fig"}). Comparing the sensibility, specificity, positive and negative predictive value, and area under the ROC curve of each CAT/MRC cutoff, the best combination without a significant loss in sensibility was CAT/MRC≥5.5 (OR 6.73; 95% CI 3.26--13.9; p \<0.0001). CAT/MRC≥5.5had a specificity of 80.3% (95% CI 69.5%-88.5%); sensitivity of 62.3% (95% CI 50.6%-73.1%); positive and negative predictive values of 76.2% (95% CI 66.3%-83.9%), and67.8% (95% CI 60.7%-74.1%), respectively.Table 2Regression Model Evaluating Predictive Variables Associated with Frailty Among the 153 COPD Patients Enrolled in the StudyVariablesModel 1Model 2Model 3ORaj (CI 95%)βpORaj (CI 95%)βpORaj (CI 95%)βpSex Male† Female0.86 (0.41--1.82)−0.150.690.54 (0.24--1.21)−0.620.130.86 (0.37--2.00)−0.160.72FEV~1~ (liters)0.64 (0.32--1.28)−0.440.210.60 (0.30--1.23)−0.500.160.74 (0.33--1.63)−0.300.45MRC1.94 (1.44--2.60)0.66\<0.00011.55 (1.13--2.13)0.440.01------CAT------1.15 (1.09--1.21)0.14\<0.0001------MRC/CAT------------1.86 (1.49--2.33)0.62\<0.0001GOLDA†B2.46 (1.01--6.02)0.900.04------------C0.59 (0.17--2.08)−0.530.41------------D3.41 (1.21--9.56)1.230.02------------MedicationLABA†LAMA0.71 (0.13--3.75)−0.340.691.91 (0.34--10.81)0.650.460.96 (0.16--5.64)−0.040.96BD+CI0.46 (0.11--1.89)−0.780.280.66 (0.16--2.83)−0.420.580.44 (0.09--2.06)−0.820.30LABA+LAMA1.08 (0.20--5.97)0.080.931.72 (0.29--10.16)0.540.551.05 (0.17--6.34)0.050.96LABA+LAMA+CI0.45 (0.12--1.70)−0.790.240.61 (0.16--2.36)−0.500.470.43 (0.10--1.76)−0.850.24[^2] Figure 3ROC curve of CAT/MRC combination \[(CAT/8)+MRC\] to identify frailty in COPD patients.

Discussion {#S0004}
==========

The prevalence of frailty among the 153 COPD patients evaluated was 50.3% (77/153) and the prevalence of pre-frailty was 35.3% (54/153). The level of dyspnea according to the MRC, the health status according to the CAT score, and COPD groups B or D according to the GOLD severity score were associated with frailty state. According to the literature, frailty prevalence in COPD patients varies from 6% to 82%.[@CIT0006],[@CIT0009]--[@CIT0015] This large variability could be explained by differences in demographics, disease severity, and comorbidities amongst study samples. Our findings are similar to the study of Park et al (2013) that found a prevalence of frailty of 57.8% in 211 COPD patients and a direct association between dyspnea and frailty.[@CIT0023] On the other hand, a frailty prevalence of 82% was found in another study evaluating a sample of COPD patients with a mean age of 65 years,93.2% of whom were classified into groups B and D on the GOLD severity score, and 43% of whom had two or more comorbidities.[@CIT0013] Our sample also included moderate to severe COPD patients with a similar mean age, and found a much lower frailty prevalence (50.3%). It is possible that the provision of free medicines to subjects in our sample could increase treatment adherence and have some impact on disease control and frailty prevalence. Also, the present study used the FRAIL scale to define frailty, whereas different studies have used other scales such as the Frail Non-Disabled (FIND) questionnaire, the Kihon Checklist, and the Modified Frailty Index. This also could impact on the measurement of frailty prevalence.[@CIT0013],[@CIT0015],[@CIT0024]

In our study, we found a significant association between frailty and CAT. Similar results were found by Maddocks and Ierodiakonou, who besides demonstrating that CAT was a predictor of frailty, additionally found that higher CAT was associated with failure to complete a rehabilitation program.[@CIT0012],[@CIT0013] Lahousse et al (2016) also found a higher prevalence of frailty among COPD patients with GOLD severity scores B and D.[@CIT0014] This increased risk of frailty among GOLD severity groups B and D is probably associated with the MRC and CAT scores, since both of these parameters are used to stratify COPD patients as GOLD B or D groups, patients in group D are 8 times more likely to present frailty than the others and group B has a high prevalence of the syndrome.[@CIT0025] We did not find a statistical difference between the frailty categories regarding inhaled corticosteroids or bronchodilators, but a predominance of double or triple therapy (LABA+LAMA or LABA+LAMA+IC) was observed in the pre-frail or frail groups. Fragility is associated with dyspnea, and as it increases, there is a need to introduce more than one bronchodilator, as described in the GOLD guidelines.[@CIT0022] However, Pei-Ju Chen et al found that the number of medications used, was a predictor of frailty in COPD patients with and without dyspnea, irrespective of being bronchodilators.[@CIT0026]

In our sample, there was no association between BMI and FRAIL score. This finding is similar to that of a study of 121 COPD patients conducted by Limpawattana et al (2017).[@CIT0011] In fact, although a loss of muscle mass can be found in COPD patients, BMI has not been associated with frailty, although fragility and malnutrition often coexist.[@CIT0027],[@CIT0028]

In our sample, FEV~1~ was lower for frail patients. However, there was no difference in the FEV~1~/FVC ratio between frail and non-frail individuals ([Table 1](#T0001){ref-type="table"}). Kusunose et al (2017), in a study of patients with mild to severe airflow limitation, also found a lower FEV~1~among frail subjects and no differences in FEV~1~/FVC or Total Lung Capacity (TLC) between the groups studied.[@CIT0015] In fact, FEV~1~ describes airflow limitation better than the FEV~1~/FVC ratio and is, therefore, the parameter used to classify COPD severity internationally.[@CIT0022]

The present study has an important limitation. Patients were invited to take part in the study when visiting the CEMAC public center in order to obtain free COPD medicines. Since the medicines can be picked up by subjects other than the patients themselves, some COPD patients with limited mobility may not have attended CEMAC in person and thus could not be invited to participate in the study. Therefore, a selection bias is possible and the results should be not extrapolated to COPD patients who have restricted mobility.

Conclusion {#S0005}
==========

Frailty has a great clinical impact, but it is not routinely investigated in COPD patients. In this sample of COPD patients, the frailty prevalence was high and was associated with higher MRC and CAT scores, parameters used routinely in the management of COPD and included in the ABCD assessment tool of the Global Initiative for Chronic Obstructive Lung Disease. As the combination of CAT/8+MRC≥5.5 was highly associated with frailty, an additional specific evaluation for the presence of frailty is indicated. If this combination is used as predictive tool for early identification of frailty, new therapeutic interventions can be made, helping doctors to better manage their patients on the risks and prognosis associated with frailty.

The authors thank the COPD patients who participated in this study and CEMAC.

Author Contributions {#S0006}
====================

All authors contributed to data analysis, drafting or revising the article, gave final approval of the version to be published, and agree to be accountable for all aspects of the work.

Disclosure {#S0007}
==========

Ms Anna Carolina Galvão Ferreira reports a PhD scholarship from Fundação de Amparo Pesquisa do Estado de Goiás - FAPEG, personal fees from Boehringer Ingelheim, personal fees from Novartis, outside the submitted work. Prof. Dr. Marcelo Fouad Rabahi reports grants from CNPq, personal fees from Boehringer Ingelheim, personal fees from AstraZeneca, outside the submitted work. The authors report no other conflicts of interest in this work.

[^1]: **Notes:** Data are presented as n (%) or median (interquartile range); ^a^statistical difference between the frail and non-frail groups (p= 0.04); ^b^Statistical difference between the non-frail and pre-frail groups (p= 0.01); ^c^statistical difference between the non-frailand pre-frail groups (p= 0.03), non-frail and frail groups (p\< 0.001), and pre-frail and frail groups (p= 0.001); ^d^statistical difference between the non-frail and pre-frail groups (p= 0.002), non-frail and frail groups (p\< 0.001), and pre-frail and frail groups (p= 0.001).

    **Abbreviations:** BD, bronchodilator; IC, inhaled corticosteroids; IIQ, interquartile range (p25; p75); BMI, body mass index; ICS, inhaled corticosteroid; CCI, Charlson Comorbidity Index; LABA, long-acting beta-agonists; LAMA, long-acting muscarinic antagonists; Triple therapy, LABA+LAMA+IC; FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; MRC, Medical Research Council dyspnea scale; CAT, chronic obstructive pulmonary disease (COPD) Assessment Test; GOLD, Global Initiative for Chronic Obstructive Lung Disease classification; p value; comparative analysis of patients with COPD with respect to their frailty classification.

[^2]: **Notes:** †: category of reference; β: coefficient of regression; Model 1: ordinal regression adjusted by sex, FEV~1~, MRC, GOLD categories and inhaled medication. Model 2: ordinal regression adjusted by sex, FEV~1~, MRC, CAT and inhaled medication. Model 3: multivariate logistic regression of CAT/MRC adjusted by sex, FEV~1~ and inhaled medication.

    **Abbreviations:** ORaj, odds ratio adjusted; CI 95%, confidence interval of 95%; CAT/MRC, (CAT/8) + MRC; CAT, chronic obstructive pulmonary disease Assessment Test; GOLD, Global Initiative for Chronic Obstructive Lung Disease classification; MRC, Medical Research Council dyspnea scale; FEV~1~, forced expiratory volume in the first second.
